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Abstract

A mathematical model describing the motion of the oval and round
windows is studied. The exact solutions of the eguations of motion are
obtained. For certain model configurations, the displacement patterns of the
motions consist of sinusoidal waveforms that are in cycles were obtained. The
qualitative effect of a transmitted pressure along the tympanic canal is
discussed.

1.0 Introduction

Sound waves are collected by the pinna and directed through the eateliary
meatus to impinge on the tympanic membrane or eardrum. The vibr#tiemspass
through the middle ear, which incidentally, is open to the throat ghrthe Eustachian
tube. The movement of air pressure through the tube equalizes thessurpron both
sides of the eardrum. In human beings, vibrations are normally ccaimieugh the
middle ear by a series of three bones: the hammer, anvil mng gor malleus, incus
and stapes respectively) known as the ossiscles. The train & tameect the tympanic
membrane with the oval window of the cochlea, the inevitable organ wihea¢ions are
converted into nerve impulses. But in conducting vibrations, these baswematease
their strength, that is, the pressure they exert. Pressdioece divided by the area on
which the force acts, and the area of the tympanic membrabeus 30 times that of the
oval window. At the tympanic membrane, sound pressure received atieelgl lost,
most is transmitted to the cochlea amplified to a 22-fold greagssure on the inner ear
(for more details see Cal et al [1]. Dalhoff et al [2], Ghaffari et al [3].

The mechanical forces that are transmitted by the bones of itithenear are
transformed into hydraulic pressure variation when the stagks #te oval window.
The cochlea is filled with fluid, and so any pressure applied tootta¢ window is
transmitted through it, just as the pressure applied to thebrake pedal is transmitted
through its hydraulic system to the wheels. Some of this pressntimues as a wave to
the far end of the cochlea and back through the tympanic canal to the round window,
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which moves out or in and allows the pressure inside the cochlea &nrestatively
constant. Most of the pressure applied by the oval windows is titéedrto the basilar
membrane, which responds with a vibration of its own, see MontgomerR§ygn [8],
Temchin et al [9].

In this paper, a mathematical model which is a system dfapdaifferential
equations is studied, see [5]. However, there are relatively &&rp dealing with the
study of motion of oval and round windows. For instance, in solving linearalparti
differential equation, one comes across differential equations womgjaiseveral
parameters with auxiliary conditions that the solutions satigbpundary condition at
several points.

2.0  The mathematical model

A mathematical Model describing the motion of the oval and roundomis is
formulated as follows:

The model is an enclosed two dimensional cavity and the basilar e@enbr
appears in it as thin plate immersed in the fluid. Thus, we as$iberalized two
dimensional potential flow in the configuration depicted in Figure 2.1 below.

H3 :.:'l.j..lr.
- —
A /\ /; rl
N

Figure2.1: Potential flow Model of Cochlea
The X, and X; are the fluid variables of enclosed two dimensionals cavity. The upper
domain whereX, > 0is denoted byl while for X, <O is denoted by-l and X, =L is
the end of the cavity.
On X =0, 0<x;<lI, the equation of motion of the oval window is given by:

08, 0& | =_ .
My~ tlo— =+ = Po= P{0.X51) 1)
The velocity at the oval window and that of the fluid at the point of contact is given by:
0& 0@
j:_ﬂ’ on X1=0 (2.2)
ot 0x
Onx =0, -I<Xx,;<0, the equation of motion of the round window is given by:
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0%, 0,

rrb atz + rO at + kog?Z = _ﬁ2(01X3!t) (23)
The velocity at the round window and that of the fluid at the point of contact is given by:
0, _ 0@
é:ﬁ, on Xl:O (2.4)
ot 0x

g?l and g?z are the displacements of the oval and round windows respectivelytidbgua

(1 — 4) valid onx, =0 are equations of motion of the oval and round windows with their

boundary conditions respectively, which were adapted from the work otrLessl
Berkley [4, 5].

The constant values of the parameter for the oval and round windowshateddbym,,
mass per unit ared,, damping in dyne sec/énand K, stiffness in dyne /e We seek

a solution such that the field variables will be proportione&i%: e¥.
We write

@=Re(@e"), u,=Re(@€*), p =Re(pe* ). =Re@e").
Oonx =0, 0<x;<I,

MSE +1E+kg = po= p{0x) - (25)
with the boundary condition s = g—f (2.6)
Onx =0, -l1<x<0,

ms’E, +r,s&,+kf,=—pf0,x) - - 2.7)
with boundary condition &, = g—f - - (2.8)

To solve equations (2.5) and (2.7)
ITszfl + r084(1"' k(flz Po~ p{O,XQ
rT’szfz +r0552+ koﬁzzz _pz(oixa)

$¢y = % S )
where zZ(xyw)=mys+1, + ? - - (2.10)
Applying equation (2.6) at, = 0, gives
T i~

(See Mbah and Adagba [6]).
Generally S is given by
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(2.12)

Po—P40.x5)cosileoshil

‘B ~ AsiniLcosh(l —x3)z(xzw)

Similarly, the equation for the round window is
mnsz"f‘* + 188, + k&, = —p,(0,x4)

Using equation (2.10) it can be written compactly as
pz{ﬂ‘--'rg]
, = —— - 2.13
sé; 2 Cena) (2.13)
Applying (2.8) to (2.13) gives
dghy _ yﬂsinﬂ{.cosh(!-}x;} _ _ P2 (0.x5) (2.14)
cosALcoshdl z{xg.m)

sé; = oy
p, (0.x3)cosALcoshAl
Generallyy = - -
Yy Asinilcosh(] +x3,Jz(,1'=.£u,J
Using the fact thap, = p, — p,, the problem as presented can be simplified
by redefining the arbitrary time functions in the introductionha velocity potentials.
Po

Thus, for region 2, where
-l<x;<0, ¢, =, o

Allowing p, = 0, we obtain—ps¢, = p,. Hencep, valued atx, = 0, gives

- Bspcoshw IL{I—xE}
0,x;) = —
pl( 113) - B - - (215)
coshw |— 1
w23
Substituting (2.15) into (2.11), we obtain
I'n I I I n
I cjrmesy |2 T rachey |55 01 — 47y AR rFrnches 15 _ ] — ™y
L sinw | Lcoshw —U Yo} plcosh N el € X3 )
- P - W oz W 3 o W Yz
Gy — T Phw =
- (s ) [ = ) o _
crngr | Lerncheny [—1 i v eoaVeragsheny 2= T
Scosw [-— LCOSN w -1 2 Xz, w)cosnw | — L
A W3 NS

Recalling thatt, = Re{¢, e**}
p P .
) —Bm\/ai;tamu\/;—finwtcoshw\la(l -x;)

1= ;
mcastgf
(2.16)

— » k.,
Bproshw |ﬂ£{!—x3)fr¢, casmt(mom—f]sinmt}
3 - !

k)2 3
r:,?+(mu.m——°] coshw | £1
G -qﬂg

Similarly,
) Bew ﬂa%mnm &D—BLsinwtcosiuu [a%(z + x3)

2
WCOS £ I
\|| [

Journal of the Nigerian Association of Mathematical Physics Volume 15 (November, 2009)311 - 316
Motion of the oval and round windows, O. H. Adagbaf NAMP



—Bpcoshew i!_H.\'; | rocoswtl m,:.cu——ﬁ\Js:nmr |
— v 03 . W
- o i :'-.(\ 2 ? - (2.17)
Tg <+l mou&——] coshw [—I
- LA \ﬂ'g

3.0 Discussion

We seek for a solution such that the field variables will be ptigmal to
e'“t = %' Hence, the first step in the method of analysis of the modet ishoice of
values for the constants. The values for the constants are:
@, = 2 (calculated)s = iw, |w| = 10%, m, = 0.05, k, = 107e™1:5%z,
1, = 30000 =¥z adapted from the works of Lesser and Berkley [4,5].

p =1andL = 35mm with the parameters having the same meaning as earlier
stated.
{1 and(, are the displacements of the oval and round, windows respectively.

Equations (2.1 — 2.4) valid oy =0 are equations of the oval and round windows
with their boundary conditions.

Equations (2.16, 2.17) were used by Math card 7 Professional to plasfigLL
and 3.2 which are the displacements at the oval and round windows respettiese
depict sinusoidal waveforms that are in cycles. The direction of propagatioopposite
directions, which agrees with the theory, that is, as the ovalomi bulges outwards, the
converse will be the case of the round window.

"4
i =i

Y Y
Figure 3.1: Displacement at the oval window Figure 3.2: Displacement at the round window

20/

Yij =Ex(x.t)

4.0 Conclusion

The problem of cochlea model [4,5] is not considered here and a pea@ng
this problem has been published. The conclusion of this exploratory effsgems
pertinent to point out a desirable course for future research. Ingudlsiof finite
duration and various displacements both sequentially and simultaneshald be
considered to obtain a better understanding of the transient behaviourofitie ofi oval
and round windows in relation to their transmission and physical properties should
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be investigated, and the qualitative results presented in thite achn be seen on
sinusoidal waveforms in cycles and auditory thresholds (see reésjeshould be re-
examined in the light of the finding from more sophisticated modelsrdsdt of such

research would permit a meaningful quantitative comparison of the radmidlaviour to

the physiological evidence.
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